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UPDATE OF TRUCKEE RIVER OPERATING AGREEMENT (TROA) 
INTERINDUSTRY MODEL: BACKGROUND AND USER’S MANUAL 

 
 

Introduction 
 

 The University Center for Economic Development conducted a study to update and 

develop a user’s manual of the Truckee River Operating Agreement (TROA) interindustry 

model. This is an update of a previous TROA interindustry model developed by 

MacDiarmid et al. (1995),  which will be referred to as the 1995 TROA Report in the text of 

this document.  For a description of the study area, please refer to Darden et al. (1998).  This 

study was sponsored by the U.S. Department of Interior, Bureau of Reclamation. This 

publication is divided into four sections: 

 Section I provides an overview of concepts of economic multipliers, 
 
 Section II provides an overview of interindustry analysis, 
  
 Section III provides the interindustry analysis for the TROA area, and  
 
 Section IV provides the impact analysis for reallocations of water. 
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Some Basic Concepts of Regional Economics 

And Income and Employment Multipliers 

 Figure 1 illustrates the major flows of goods, services and dollars for any economy.  

The foundations of a region’s economy are those businesses which sell some or all of their 

goods and services to buyers outside of the region.  Such a business is a basic industry.  The 

two arrows in the upper right portion of Figure 1 represent the flow of products out of and 

dollars into a region.  To produce these goods and services for “export” outside the region, 

the basic industry purchases inputs from outside of the region (upper left portion of Figure 

1), labor from local area residents or “households” (left side of Figure 1), and inputs from 

service industries located within the region (right side of Figure 1).  The flow of labor, 

goods and services in the region is completed by households using their earnings to 

purchased goods and services from the region’s service industries (bottom of Figure 1).  It is 

evident from the interrelationships illustrated in Figure 1 that a change in any one segment 

of a region’s economy will have reverberations throughout the entire TROA area economy. 

 Consider, for instance, the activities of TROA casinos and their impacts on the 

secondary support businesses.  TROA casino operations can be considered a basic industry 

as it draws large numbers of people and money from outside the TROA area.  Casino 

operations may hire people from the household sector such as laborers to set up and 

maintain these facilities.  However, most of the benefits of casino operations are purchases 

of goods and services from TROA area businesses.  These purchases include businesses 

such as contractors, manufacturers, hotels, bowling, restaurants, and other TROA area 

businesses.  As earnings increase in these businesses, they will hire additional people and 

buy more inputs from other TROA area businesses.  Thus the change in the economic base 

works its way throughout the entire TROA area economy. 

 The total impact of a change in an economy consists of direct, indirect, and induced 

impacts.  Direct impacts are the changes in business operations of the impacted industry 

such as TROA area casinos.  An example of a direct impact would be increased or decreased 

business purchases by TROA area casino firms from other TROA area commercial sectors. 

These direct impacts yield indirect impacts in TROA area commercial sectors  
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 supplying inputs to TROA area casinos.  These changes in purchasing from TROA area 

commercial sectors also impacts the purchasers of TROA area commercial sectors from 

other economic sectors in the TROA area’s economy.  The changes in purchases among 

TROA area’s economic sectors caused by direct changes of TROA area casinos are called 

indirect effects. 

Both the direct and indirect effects change flows of dollars to the community’s 

households.  TROA area households alter their consumption expenditures based on direct 
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and indirect purchases from changes in TROA area casino expeditions.  The effect of a 

change in household consumption based upon business in the TROA area is referred to as an 

induced effect. 

   For this analysis, the area of study is TROA area wide.  A measure is needed that 

yields the effects created by an increase or decrease in economic activity from changes in 

operations by TROA area’s businesses due to changes in surface water allocations.  In 

economics, this measure is called the multiplier effect. 

 
Interindustry Analysis 

 

 Within a regional economy, there are numerous economic sectors performing 

different tasks.  All sectors are dependent on each other to some degree.  A change in 

activities will directly or indirectly affect the response or level of production of the other 

regional sectors.  The amount of economic activity among economic sectors shows the 

degree of interrelationships or linkages between sectors.  That is, an increase in production 

by the regional Livestock Production Sector would directly increase purchases of alfalfa 

hay.  With increased alfalfa hay purchases, farm workers will have greater incomes which 

would increase their purchases from the Trade Sector.  The Trade Sector would experience 

increased economic activity because of its indirect relationship with the Livestock and 

Alfalfa Hay Production Sectors.  These interdependencies among regional economic sectors 

can be estimated through interindustry analysis.  

Transactions Table 

 An interindustry analysis is based on the transactions of the sectors in an economy, 

i.e., purchases of inputs and sales of outputs.  A transactions table present in Figure 2 shows 

the monetary flows of goods and services through a regional economy.  Transactions can be 

delineated into four major classifications.  One classification (Quadrant I) is the processing 

section which produces goods and services.  Processing sectors in Quadrant I produce and 

buy products and/or services from other processing sectors to be used in their production 

process.  Goods and services used in the processing section are intermediate goods which 

are used in the production of goods and services which are ultimately sold to final 
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consumers.  

 Another classification (Quadrant II) includes sales to final demand of goods and 

services.  The Final Demand Section includes net inventory change, exports, government 

purchases, capital formation and purchases by households.  The third classification 

(Quadrant III) is the Final Payment Section.  The Final Payments Section includes the non-

processing supply sectors such as imports, depreciation, and households.  Quadrant IV 

represents direct inputs of final demand which are not produced by industries in the 

processing sector.   

 

 
 Figure 2.  A Classification of Transactions 
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 Transactions include costs and revenues concerning an economic sector.  First, 

reading down the column of the transactions table, the inputs (cost) required by a specific 

sector from other specific sectors to produce its output can be seen.  Second, reading across 

the row of the transactions table, the distribution of sales by a specific sector to other sectors 

can be seen.  

 In Figure 7, a total of n industries are listed across the top and on the left hand side of 

Quadrant I.  For a given industry i, reading across the row gives the sales of that sector to all 

other sectors in the regional economy.  For example, the values in the cell where row i 

intersects with column j (xij) represents the sales of sector i to sector j.  The sales of sector i 

to j are also purchases of sector j from sector i.   

Direct Requirements 

 The logic of interindustry analysis is to establish the structural relationships among 

the processing sectors of the model.  These relationships can be seen throughout the direct 

requirements table.  A direct requirement coefficient is computed from the processing 

section (Quadrant I) of the transaction table by dividing the value in a column cell by total 

output of the column.  This can be expressed as: 

   i, j = 1, 2, ... , n 

where aij is the purchase by sector j from sector i to produce one dollar of output by sector j, 

xij is the dollar value of transactions between sector i and sector j, and Xj is the value of total 

output for sector j. 

 The aij is a direct requirement coefficient which shows how much a given sector 

purchases from another sector within the same regional economy in order to produce one 

dollar’s worth of output.  Direct requirement coefficients are only calculated for the 

processing sectors.  

 The column sum of the direct requirements coefficients of a given sector show the 

direct effects of changes in the volume of output of a given sector upon other sectors of the 

economy. The direct effect or “first round” effects show how much a given sector has to 

increase its purchases of output from other processing sectors when there is an increase in 

a
x
Xij

ij

j
=
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demand for the output of the given sector.  

 

Final Demand Interindustry Coefficients 

 Due to the direct effect of additional output for a given industry, other processing 

sectors must supply additional inputs.  To supply these additional outputs, the directly 

affected sectors must increase their output levels which mean increased purchases from their 

input supply sectors.  This expansion of output by sectors directly and indirectly related to 

the principal sector that increased its output to meet final demand sales is referred to as a 

final demand interindustry coefficient.  The column sum of final demand interindustry 

coefficients derives the final demand multiplier for a given economic sector.   The final 

demand multiplier estimates the increase in regional economic activity required for a 

particular economic sector to increase sales to final demand by one dollar.  

 Final demand multipliers are calculated for both “open” and “closed” input-output 

models.  An “open” model does not contain a non-processing sector in the processing 

section of the transaction table.  The final demand multiplier of an “open” model derives 

both direct and indirect effects of a one dollar increase in sales to final demand for a given 

sector.  Indirect effects are those increases in levels of output for the regional economy that 

meet the output levels of the directly related industries.  

 A “closed” input-output model contains at least one non-processing sector in the 

processing section of the transactions model.  Usually the Household Sector is incorporated 

into the processing section of the transactions table to produce a closed model.  The final 

demand multiplier from a “closed” model derives direct, indirect, and induced effects from a 

one dollar increase in sales to final demand for a given sector.  Induced effects are the 

effects of new incomes to households upon the individual sectors of the economy from 

increased sales to final demand by a given sector.  

 

Output Interindustry Coefficients 

 Final demand interindustry coefficients derive the effects to the regional economy 

from sales to final demand for a given sector.  In order to meet these final demand sales, the 

given sector must increase production by purchases from itself.  This intrasectoral 
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purchasing increases output response by a factor greater than one.  In order to estimate 

economic effects from total production rather than from deliveries outside the processing 

sectors, output interindustry coefficients are required.  

 Output interindustry coefficients are calculated by dividing each column entry in the 

final demand interindustry coefficient matrix by the given sector’s intrasectoral interindustry 

coefficient.  This will derive intrasectoral coefficients equal to one.  The other entries in the 

final demand interindustry coefficients matrix are adjusted similarly to refer to production 

rather than external end product deliveries by dividing all entries in each row by the entry at 

the intersection with the corresponding column or the intrasectoral coefficient.  

 Direct and indirect output multiplier coefficients are derived from an “open” model.  

Indirect effects are the increased purchases in the regional economy created by the purchases 

of the directly affected sectors from a given sector’s increase in production.  Direct, indirect, 

and induced output interindustry coefficients are derived from a “closed” model.  Induced 

effects are the increase in regional economic activity from increases in household incomes 

created by production increases for a given sector.  

 

Employment Effects 

 Interindustry analysis is used to determine the effects on the regional economy from 

changes in a given sector’s level of output or sales to final demand.  Interindustry analysis 

also can be used to derive the effects on regional employment from changes in a given 

sector’s sales to final demand or output level.  Studies by Elrod and Laferney (1972) and 

Osborn et al. (1973) have derived procedures to determine regional employment impacts 

from input-output models.  

 To determine employment effects, it is first required that the direct labor effects for 

each of the n processing sectors be derived, or: 

   j = 1, 2, ... , n 

where Lj is the number of employees required per dollar of output by sector j; Ej is the 

number of workers employed by sector j; and Xj is the dollar value of production by sector j.  

 From the direct employment requirements vector for each processing sector in the 

L
E
Xj

j

j
=
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region, direct and indirect labor requirements from a one dollar sale to final demand by a 

given sector can be derived by premultiplying the direct labor coefficients matrix by the 

“open” final demand interindustry coefficient matrix.  Indirect labor effects are the number 

of workers employed elsewhere in the regional economy to produce the direct and indirect 

inputs used by each sector.  

 Premultiplying the direct labor requirements matrix by the “closed” interindustry 

coefficients matrix derives the direct, indirect, and induced employment effects in the region 

from a given sector’s change in sales to final demand interindustry coefficients matrix.  

Direct and indirect employment effects and direct, indirect, and induced employment effects 

from changes in a given sector’s level of output can be derived from the “open” or “closed” 

output interindustry coefficients matrix.  

 

Household Income Effects 

 The effects on regional household incomes from changes in sectoral sales to final 

demand and levels of output can be derived through interindustry analysis.  If households 

are exogenous to the model, that is, the model is “open”, the derivation of direct and indirect 

household income effects requires the determination of a direct household income vector.  

The direct household income vector is the division of the Household Sector row value for 

each processing sector.  Direct and indirect household income effects from changes in sales 

to final demand by a given sector are derived by multiplying the direct household income 

requirements by the “open” final demand interindustry coefficient matrix.  The indirect 

income effects are those increases in regional income created by increased production 

activities from those sectors indirectly related to the direct resources supply sectors.  

 When the Household Sector is made endogenous to the processing section or what is 

referred to as a “closed” model, direct, indirect, and induced household income effects are 

derived.  Induced income effects are the changes in regional incomes created by the 

additional purchases of regional households created by the change in a given sector’s sale to 

final demand.  Direct, indirect, and induced household income effects can be read directly 

off the “closed” final demand interindustry coefficients matrix.  The coefficients are the 

values from the household row in the interindustry coefficients matrix for each given 
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processing sector.  Using the output interindustry coefficients matrix, the effects on 

household income from changes in a given sector’s level of production can be derived.  

 

Economic Linkages in the TROA Area 

 An input-output model for the TROA area was developed using the microcomputer 

IMPLAN model and supplemented by primary data at the local level.   Appendix A provides 

information on the microIMPLAN model.  The input-output model developed for the TROA 

area is a hybrid model.  An IMPLAN model for the TROA area was first developed.  The 

IMPLAN model was modified through using production data for TROA area agricultural 

sectors. 

There are nineteen economic sectors within the economy of the TROA area region.  

A sector is an aggregation of individual business enterprises, firms, establishments, or 

activities which produce the same of similar products, or which purchase the same inputs to 

use in production.  Each economic sector is listed with a definition in Table 1.  These sectors 

can be classified as agriculture and non-agriculture.  The agriculture sectors are barley 

production, other hay production, alfalfa hay production and livestock production.  The non-

agriculture sectors are agricultural services, gold mining, other mining, construction, 

manufacturing, transportation and communications, utilities, trade, eating, drinking and 

lodging, finance, insurance and real estate, services, health, hotels, gaming and recreation, 

local government, and households.  The sector definitions are based on the North American 

Industry Classification System.   
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Control Total Data 

 Control total data was collected for output, employment, income, population, 

housing, agriculture water use, commercial water use, and residential water use.  Control 

totals for the TROA area are shown in Table 7. 

Output 

 Output, which includes total value of sales and additions to inventories, is the total 

gross output for each economic sector.  Output is also referred to as the total value of 

intermediate plus final goods produced in the economy.  Output totals are based on  

Table 1. Economic Sector Definitions
Economic Sector Definition

1 Swingle Bench, Hazen, Fernley Alfalfa 
Hay Production

Accounts for Alfalfa hay production in the Fernley area and the Swingle Bench/Hazen 
portion of Churchill County

2 Grain Farming Accounts for grain farming
3 Other Agriculture Accounts for all other agricultural production
4 Other Hay Production Accounts for hay production other than alfalfa hay
5 Alfalfa Hay Production Accounts for alfalfa hay production
6 Livestock Production Accounts for cattle production
7 Agricultural Services Accounts for veterinary services, and landscape and horticultural services
8 Other Mining Accounts for mining geothermal energy, diatomaceous earth, clay and gravel
9 Gold Mining Accounts for mining of gold and silver ores

10 Utilities Accounts for electric, gas and sanitary services
11 Construction Accounts for general building, heavy construction, and special trade contractors
12 Manufacturing Accounts for manufacturing of food products, wood products, furniture, paper 

products, printing, publishing, chemical products, petroleum products, plastic 
products, stone products, clay products, glass products, fabricated metal products, 
industry equipm

13 Trade Accounts for wholesale and retail trade
14 Transportation and Communications Accounts for railroad transportation, trucking, warehousing, air transportation, 

passenger transit, transportation services and communications
15 Finance, Insurance, and Real Estate Accounts for depository institutions, non-depository institutions, security brokers, 

commodity brokers, insurance carriers, insurance agents, insurance brokers, real estate, 
and investment offices

16 Services Accounts for personal services, business services, repair services, motion pictures, 
recreation, legal services, educational services, social services, museums, membership 
organizations, engineering services, and managerial services

17 Health Accounts for medical and dental services
18 Hotels, Gaming, and Recreation Accounts for casinos
19 Eating, Drinking, and Lodging Accounts for non-casino restaurant, bars, hotels and motels
20 Households Accounts for consumers
21 Local Government Accounts for local government activities of public administration, police and fire 

protection, public works, school district, finance, taxation, human resource programs, 
environmental quality programs, housing programs, and economic programs
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2002 county level IMPLAN data.  The IMPLAN output totals for each county that is 

represented in the TROA area were adjusted based on the proportion of the county 

population that is in the TROA area.  The new county output totals were then combined to 

get the total for the entire TROA area for each sector.   

Employment 

Employment is the number of full-time and part-time employees.  Employment is 

measured by the number of jobs by place of work by economic sector.  Data used in the 

estimation of employment by sector was provided by IMPLAN and the Bureau of Economic 

Analysis Regional Economic Accounts.  Employment numbers for each sector were taken 

from 2002 county level IMPLAN data.  The county employment totals were adjusted by the 

proportion of the county population living in the TROA area to obtain employment totals for 

the TROA area.   The local government employment total was obtained by using the 

IMPLAN employment total for state and local government, adjusting for the TROA area, 

and then further adjusting it for local government by using the proportion of local to state 

employees as found in the 2002 Bureau of Economic Analysis Regional Economic Accounts 

data.   

Income 

Income is personal income in the form of wages, salaries, other labor income, 

proprietors income, dividends, interest, rent, and government transfer payments.  Income is 

measured by earnings by place of work by economic sector.  Data to estimate the income by 

economic sector was provided by IMPLAN.  The income by economic sector for the TROA 

region is the households output for the economic sectors for the region, as can be seen in 

Table 7.  

Population  

Population is all persons living in the TROA region.  Population was calculated 

using county demographic and income data provided by ESRI’s Business Analyst Online. 

This data was used to determine total population for the TROA region and also calculate the 

proportion of people living in the TROA area compared to the total population of the 

counties.  This is the proportion used for adjusting the IMPLAN output and employment 

totals discussed above.  The population by economic sector was calculated using 
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information about the employment sector totals.  First, the ratio of employment by sector to 

total employment in the TROA area was calculated.  This employment ratio was applied to 

the population totals to get the population by economic sector for the TROA region.  

Housing 

Housing is occupied housing units with households.  Housing units are either single-

units, multi-units of less than ten units per structure, or multi-units of ten or more units per 

structure.  Data to estimate total housing for the TROA area was obtained from Housing 

Profiles in ESRI’s Business Analyst Online.  Housing units by economic sector was 

calculated by applying the employment ratio to the housing total to get the total occupied 

housing by economic sector for the TROA area.    

Residential Water Use 

 Residential water use is the use of water for household purposes, and the irrigation of 

lawns, gardens, and shrubbery surrounding a residence. Data for the year 2002 was 

collected. 

 An estimate of total residential water use by the TROA area population included in 

the economic model was made by assuming that all TROA households use the same amount 

of water per household that was projected to be used by 2002 Truckee Meadows Water 

Authority (TMWA) residential customers. Using TMWA projected 2002 population of retail 

customers of 260,113; TMWA retail area persons per household of 2.36; and projected 2002 

retail residential customers water demand of 57,689 acrefeet; an average per household 

water use of 0.524 acrefeet per year was calculated (Truckee Meadows Water Authority 

2003). This rate of use was then applied to all TROA area households included in the model. 

Using this method, total residential water use was estimated to be 95,380 acre-feet. 

Table 2.  Estimation of Residential Water Use for TROA Model Households 

 
Note: 7.1 percent water system loss has been added to the TMWA residential demand estimate.  
Source: TMWA 2020 Projected Residential Retail data (Truckee Meadows Water Authority 2003), TROA 
estimated households use Census 2000, ESRI projections and UCED calculations. 

  TMWA 2002 Projected       
Residential Retail 

TROA Estimated 2002 

Total Households      110,171      182,152 

Residential Water Use (acre-feet)        57,689 95,380 

Per Household Water Use (acrefeet)          0.524 0.524 
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 Residential water use by economic sector was found starting with the number of 

employees per sector. Number of employees by sector was multiplied by the ratio of 

employment to population of 1.62 to find the population associated with each sector. 

Population by sector was then multiplied by the ratio of population to households of 0.39 to 

estimate the number of households associated with an economic sector. The number of 

households in a sector was multiplied by 0.524 acre-feet to find residential water use 

associated with each sector. 

Commercial Water Use 

 Commercial water use is the use of water by business establishments. It can include 

water used for irrigation of the grounds around the business as well as indoor and process 

uses. 

A control total for commercial water use was found using a method similar to the 

method described for estimating residential use. A total water use per residence, including 

projected 2002 commercial, irrigation and residential demands, was calculated to be 0.745 

acre-feet for the TMWA retail area. The assumption was made that no irrigation accounts 

are used for agriculture. Multiplying by total households in the TROA area, a total 

commercial plus residential demand was estimated to be about 135,671 acre-feet. To find an 

estimate of total commercial demand, the residential demand of 95,380 acre-feet was 

subtracted from total demand estimate of 135,671. Estimated total commercial demand was 

about 40,290 acre-feet or an average of 0.221 acre-feet per household per year.  This would 

imply that about 30 percent of total municipal and industrial water use if for commercial and 

other non-residential demands. 

Appendix B discusses alternative data concerning total commercial and residential 

water use for the TROA area. An alternative estimate using gallon per capita per day 

estimates from the Nevada and California Departments of Water Resources was 2.3 percent 

higher than the estimate above. Because this estimate provided no way of discerning the 

portion of the total going to commercial uses, the first estimate was used. A new estimate of 

annual per household water use can easily be inserted into the Excel model. 
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Table 3.  Estimation of Residential Water Use for TROA Model Households 

 
Note: 7.1 percent water system loss has been added to the TMWA residential demand estimate.  
Source: TMWA 2020 Projected Residential Retail data (Truckee Meadows Water Authority 2003), TROA 
estimated households use Census 2000, ESRI projections and UCED calculations. 

 

 An average water use per employee day was calculated using data from a previous 

study (Moeltner 2002) carried out for TMWA. The Moeltner study used actual water use 

data from the TMWA retail area. The data was collected over the time period 1993 to 2000. 

An average water use per firm by two-digit SIC code was found in the study. Using county 

business pattern data for Washoe County on the number of establishments and approximate 

employment in each sector, an estimate of employee water use per gallon per day was 

found. To estimate per employee per day water use for the aggregated IMPLAN sectors in 

the TROA economic model, the Moeltner averages were assumed to apply to all Washoe 

County firms in the roughly corresponding NAICS sector. The implied NAICS sector water 

use was then aggregated to approximate the sectors used in the TROA economic model. 

Estimated Washoe County employees by sector were found using 2002 County Business 

Pattern data with the same aggregation. The implied water use by sector was then divided by 

estimated employees by sector and employee working days per year (250) to find a gallon 

per employee per day estimate.  For government sectors, data from the Nevada Department 

of Employment, Training and Rehabilitation 2002 Quarterly Census of Employment and 

Wages on number of establishments and employees was used. No data from the Moeltner 

study addressed the agricultural services sector. Water use for agricultural services was 

assumed to be the average water use per employee day for the entire commercial sector 

using TMWA retail area data (224 gallons per employee day). Table 4 displays estimated 

firms, employees and water use by sector for Washoe County using the process described 

here. 

  TMWA 2002 
Projected 

Total Retail 
Area Water 

Use 

TROA Estimated Total 
Water Use 

TMWA 2002      
Projected Retail 

Area Commercial 
and Irrigation Water 

Use 

TROA     
Estimated 

2002    
Commercial 

Water Use 
Total Households      110,171 182,152      110,171 182,152 
Residential Water Use (acre-
feet)        82,057      135,671     24,369     40,290 

Per Household Water Use 
(acre-feet) 0.745 0.745      0.221 0.221 
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  Table 5 displays how Washoe County estimates were modified for water use per day 

per employee estimates for the entire TROA area. Water use per employee per day was 

multiplied by estimated TROA employment and days to find estimated total water use by 

sector in the entire TROA region. The total use found in this manner was 1.5  percent larger 

than the total commercial sector use found above. Thus water use per gallon per employee 

was raked so as to give the slightly lower total commercial water use estimated above of 

40,290 acre-feet. 

The per gallon per employee per day sector estimates should be interpreted with 

some caution. The underlying data used in the Moeltner study had high variance and in some 

cases only a few good observations in a given SIC code were available. Furthermore, the 

changeover to North American Industry Classification System from the earlier Standard 

Industrial Classification System means that industry sector definitions cannot be exactly 

matched. New per gallon per day estimates may easily be inserted into the Excel model. 
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Table 4.  Estimation of Washoe County Commercial Water Use by Sector for Washoe County  
   Washoe County 2002 

TROA Model Sector 
SIC Codes with 

Study Data Description 
Number of 

Firms 
Estimated            
Employees 

Estimated Total 
water use per 
year (gallons) 

Average Gallons 
per Employee 

per Day 

Agricultural Services   8 60 NA 224* 
Other Mining** 10 and 14   Metal plus nonmetal mining 37 262 18,107,800 276 

Gold Mining** 10 and 14 Metal plus nonmetal mining   
                                   

-                                             276 
Utilities 49 Utilities 22 1,750 37,554,000 86 
Construction 15, 16, 17 Construction 1,147 15,086 435,797,000 116 
Manufacturing 20 to 39 Manufacturing 451 12,250 476,473,000 175 
Trade 50-57,59 Wholesale and retail 2,076 32,873 894,364,000 109 
Transportation and 
Communications 40-48 Transportation and  communications 350 3,896 240,251,000 247 
Finance, Insurance, 
and Real Estate 60-67 Finance, Insurance, and Real Estate 1,601 10,431 755,749,000 290 

Services 72-78,81-83,86-89 Services 3,578 33,199 1,818,455,000 219 
Health 80 Health services 862 16,365 1,760,204,000 430 
Hotels, Gaming, and 
Recreation 70,79,84 

Hotels and other lodging, amusement 
and recreation, museums, etc. 258 29,831 911,732,000 122 

Eating, Drinking, and 
Lodging 58 Only eating and drinking 683 10,006 479,466,000 192 

Local Government** 91-96 State and Local and Federal 63 9,053 105,426,000 47 

Federal Government** 97 Federal    47 

Totals  Total 11,136 175,061 7,933,578,800  
Sources: Census Bureau 2002 County Business Pattern Data, Nevada DETR QCEW 2002, TMWA 2002-2025 Water Resource Plan, Moeltner 2002 
*No data was available for Agricultural Services establishments. An overall average from TMWA data is used. 
** Data from Moeltner study was for combined “mining” sector, so same average is applied to both sectors. Similarly, data for government entities did not 
split out federal and local govt. 
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Table 5.  Estimation of TROA Model Area Commercial Water Use by Sector 

TROA Model Sector 

Washoe County 
Estimate of      
Average Gallons 
per Employee per 
Day 

TROA Model             
Employment 

Annual TROA         
Water Use by Sector 
(gallons) 

TROA Raked 
Water Use 
(gallons) 

TROA Raked 
Gallons Per  
Employee per 
Day 

Agricultural Services 224 1,073                   60,049,663 59,153,034 221 

Other Mining 276 382                     
26,387,407 25,993,404 272 

Gold Mining 276 171                   11,803,353 11,627,112 272 
Utilities 86 1,068                   22,930,471 22,588,085 85 
Construction 116 25,788                 744,946,478 733,823,329 114 
Manufacturing 175 16,961                 742,596,342 731,508,285 173 
Trade 109 44,845              1,220,082,087 1,201,864,465 107 
Transportation and 
Communications 247 17,499              1,079,096,038 1,062,983,545 243 

Finance, Insurance, and 
Real Estate 290 29,907              2,166,793,816 2,134,440,393 285 

Services 219 62,408              3,418,430,396 3,367,388,195 216 
Health 430 18,412              1,980,385,773 1,950,815,696 424 
Hotels, Gaming, and 
Recreation 122 25,390                 776,028,246 764,441,001 120 

Eating, Drinking, and 
Lodging 192 15,256                 731,041,767 720,126,236 189 

Local Government 47 25,148                 292,854,400 288,481,653 46 
Federal Government 47 4,646                   54,110,304 53,302,357 46 
Totals   288,954            13,327,536,540 13,128,536,790   
Total in Acrefeet                              40,901 40,290   
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Agricultural Water Use 

 Agricultural water use includes water used for growing crops and raising livestock. 

This may include water applied to pasture for livestock as well. The agricultural areas 

included in this model are the acreages watered by diversions from the Little Truckee and its 

tributaries in Sierra Valley in Sierra County, California and the Nevada acreage in the 

Truckee Meadows area and beyond that is irrigated with Truckee River water diversions or 

diversions from tributary creeks and the Newlands Project. It is assumed that no agricultural 

activity takes place in the Tahoe Basin region included in the model. 

 Complete data on 2002 irrigated acreage at the sub-county level was not readily 

available. For total irrigated acreage in the Truckee Meadows and Sierra Valley region, the 

data that was available indicated 2002 acreage to be similar to the acreage assumed in the 

previous TROA document, or 19,551 irrigated agricultural acres. Total Newlands Project 

irrigated acreage was estimated to be 55,186 acres in 2002 (Leseuer, 2005). The total 

agricultural acreage for the entire TROA model area is thus estimated to be 74,737 acres. 

Water use per acre is assumed to average 3.76 acre-feet per acre for all crops except Swingle 

Bench/Hazen/Fernley alfalfa, which is assumed to use 4.5 acre-feet per acre. It is assumed 

there are no system losses or returns in water delivery. Using the 1995 TROA document 

crop data and 2002 Census of Agriculture crop data in conjunction with Bureaus of 

Reclamation estimates of Truckee-Carson Irrigation District current water rights data, 

estimated control totals for acreage for each crop in the TROA economic model are given in 

Table 6. Thus a total of 283,665 acre-feet of water are assumed to be used for agricultural 

irrigation. An additional 785 acre-feet of water is assumed to be used for livestock, making 

total agricultural water use 284,450 acre-feet. Appendix C elaborates on the agricultural 

water use data that was available. 

 The economic model requires control totals for agricultural water use by crop. Each 

crop is assumed to use 3.76 acre-feet per acre annually except for the Swingle Bench/Hazen/

Fernley alfalfa. The 1995 TROA report data on crop acreage was used for acreage by crop in 

Washoe County and Sierra County. The 1995 TROA report assumed that 14,551 acres was 

irrigated pasture land, 800 acres was alfalfa hay, 4,000 acres was other hay and 200 acres 

was barley. Five percent of Lyon County 2002 Census of  Agriculture and 100 percent of  
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Churchill County values for irrigated acreage by crop were added to the Washoe and Sierra 

County totals from the 1995 TROA report to derive control totals for each crop (see Table 

6). Pasture land is assigned to the livestock sector. An additional 785 acre-feet is added to 

account for watering of livestock in the final control total. If improved data on total output 

and total water use is available for a given crop sector, the Excel model can be changed to 

reflect the improved data by inserting the total crop output in dollars into the “Basin Area 

Output” in Column E on the “input table” worksheet page and the total crop water use into 

the “Current Use” column in Column B of the “M&I impacts” worksheet page. 

 
Table 6. TROA Economic Model Crop Acreage and Agricultural Water Use 

 

Crop Total Acreage 
(acres) 

Total Water-Use 
(acre-feet) 

Total Value of        
Production ($) 

Swingle Bench, Hazen, Fernley 
Alfalfa Hay              3,587 16,139  1,607,485 

Grain               1,084                  4,075  295,838 

Other Agriculture               5,217                19,617  9,924,184 

Other Hay              4,728                17,778  904,281 

Alfalfa Hay            33,151              124,649  14,858,372 

Pasture            26,970              101,407 NA 

Total 74,737            283,665   
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Table 7. Control Totals by Economic Sector for Region        
 Sector  Output Employment Income Population Housing Agricultural 

Water Use 
Commercial 

Water Use 
Residential 
Water Use 

   $ jobs $ all persons dwellings acre-feet acre-feet acre-feet 
           

1 
Swingle Bench, Hazen, Fernley Alfalfa 
Hay Production 4,685,000 35 583,302 57 22 16,139 0 11 

2 Grain Farming 398,957 8 31,638 13 5 4,075 0 3 
3 Other Agriculture 22,386,817 173 5,132,781 280 109 19,617 0 57 
4 Other Hay Production 5,731,857 41 741,728 66 26 17,778 0 13 
5 Alfalfa Hay Production 41,867,348 301 5,349,595 487 189 124,649 0 99 
6 Livestock Production 58,149,990 787 4,131,670 1,274 494 102,192 0 259 
7 Agricultural Services 48,515,966 1,073 21,320,761 1,736 673 0 182 352 
8 Other Mining 76,463,345 382 25,924,505 618 240 0 80 125 
9 Gold Mining 73,764,047 171 32,426,260 276 107 0 36 56 
10 Utilities  540,613,468 1,068 95,873,979 1,729 670 0 69 351 
11 Construction 3,137,387,312 25,788 1,169,732,505 41,730 16,181 0 2,252 8,473 
12 Manufacturing 3,522,911,342 16,961 860,914,085 27,447 10,643 0 2,245 5,573 
13 Trade  3,774,694,666 44,845 1,369,084,054 72,569 28,139 0 3,688 14,734 
14 Transportation and Communications 2,057,006,433 17,499 705,515,432 28,317 10,980 0 3,262 5,749 
15 Finance, Insurance, and Real Estate 4,388,675,389 29,907 985,499,904 48,395 18,765 0 6,550 9,826 
16 Services  4,282,039,354 62,408 1,931,905,420 100,990 39,159 0 10,334 20,505 
17 Health  1,785,288,064 18,412 922,404,801 29,795 11,553 0 5,987 6,049 
18 Hotels, Gaming, and Recreation 1,958,703,997 25,390 623,125,142 41,087 15,932 0 2,346 8,342 
19 Eating, Drinking, and Lodging 614,298,809 15,256 218,549,428 24,688 9,573 0 2,210 5,013 
20 Households  13,764,221,171  489,300,000 0 0 0 0  

 Totals  40,157,803,331 260,506 9,467,546,990 421,556 163,457 284,450 39,241 85,591 
           
 Local Government 1,149,880,063 25,148 523,819,059 40,695 15,779 0 885 8,263 
 Federal Government 928,435,900 4,646 0 7,518 2,915 0 164 1,526 
           
 Totals  42,236,119,294 290,300 9,991,366,049 469,769 182,152 284,450 40,290 95,380 
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Transactions Matrix 
 The transactions matrix for the TROA area is based on 2002 data and shown in Table 

8.  A transactions table shows the dollar flow of goods and services throughout the county 

economy.  Total sectoral output of the processing sectors in the TROA area indicate the 

relative importance of the various sectors in terms of volume of dollar activity.  Total output 

for the processing sectors ranges from $399 thousand for the Grain Farming Sector to $13.7 

billion for the Households Sector. 

 Row values of a given economic sector show the distribution of sales by that sector.  

For example, the Trade Sector sold roughly $2.3 million of output to the Livestock 

Production Sector.  Intraindustry (intrasectoral) transactions occur when firms sell to other 

firms in the same sector.  The Livestock Sector sold $5.0 million of output to other ranchers 

in the Livestock Production Sector.  As for the Trade Sector this sector had sales to the 

Households Sector of $1.50 billion. 

  Purchases of specific inputs by a given processing sector can be analyzed by moving 

down the column entries of a given sector in Table 8.  For example, the Livestock 

Production Sector purchases $1.18 million of inputs from the Utilities Sector and $250 

thousand of services from the Construction Sector.  
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 Table 8.  Transactions Matrix      
   1 2 3 4 5 

   Swingle Bench, 
Hazen, Fernley 

Alfalfa Hay     
Production 

Grain Farming Other Agriculture Other Hay       
Production 

Alfalfa Hay        
Production 

    $ $ $ $ $ 
1 Swingle Bench, Hazen, Fernley Alfalfa Hay Production 135 68 2,520 994 16,006 
2 Grain Farming 8 72 232 5 76 
3 Other Agriculture 117 72 140,574 87 1,270 
4 Other Hay Production 200 111 4,358 958 15,326 
5 Alfalfa Hay Production 471 272 2,787 8,411 136,272 
6 Livestock Production 469 257 14,426 294 4,194 
7 Agricultural Services 54,053 29,665 1,450,611 33,929 482,938 
8 Other Mining 274 42 576 53 2,538 
9 Gold Mining 0 0 0 0 1 
10 Utilities 292,844 6,397 150,050 9,046 2,326,444 
11 Construction 1,028 1,435 90,751 2,339 37,925 
12 Manufacturing 193,302 25,699 391,174 32,378 1,726,944 
13 Trade 298,588 14,762 357,907 17,519 2,667,744 
14 Transportation and Communications 22,022 5,909 156,101 8,487 196,760 
15 Finance, Insurance, and Real Estate 242,152 37,741 474,502 49,063 2,163,522 
16 Services 343,710 6,637 242,527 9,414 2,957,430 
17 Health 0 0 0 0 0 
18 Hotels, Gaming, and Recreation 1,310 283 10,010 385 13,768 
19 Eating, Drinking, and Lodging 22 51 1,461 72 1,282 
20 Households 583,302 31,638 5,132,781 741,728 5,349,595 
21 Local Government 2,068 311 14,493 367 18,492 
22 Other Final Payments 1,832,695 131,267 9,389,916 2,249,734 16,235,694 
23 Imports 816,230 106,269 4,359,073 2,566,594 7,513,122 

        
 Column Total 4,685,000 398,957 22,386,829 5,731,859 41,867,341 
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Table 8.  Transactions Matrix Continued      
 6 7 8 9 10 11 12 13 

 Livestock        
Production 

Agricultural     
Services 

Other Mining Gold Mining Utilities Construction Manufacturing Trade 

  $ $ $ $ $ $ $ $ 
1 374,669 4 0 0 24 207,149 67,958 65 
2 12,282 0 0 0 0 3 33,948 6 
3 9,663 64,501 339 11 81 45,539 1,780,861 4,407 
4 491,843 5 0 0 31 270,997 89,023 78 
5 4,742,034 3 0 0 279 2,647,295 864,274 53 
6 5,003,388 705,813 8 11 31 1,320 43,707,562 578 
7 2,306,362 0 0 0 0 0 171,616 0 
8 7,686 4,211 38,562 9,011 376,655 550,933 1,167,070 49,099 
9 1 0 29,538 4,546,481 1,594 412 2,287,236 0 

10 1,184,630 238,636 867,918 1,394,275 437,477 12,422,607 41,413,587 27,663,563 
11 249,867 260,035 8,289 941 7,083,382 4,674,188 9,229,213 11,798,445 
12 5,334,534 3,006,089 1,846,610 2,730,043 5,219,876 324,611,923 432,008,658 36,782,534 
13 2,296,149 1,799,793 729,998 944,140 2,096,611 298,377,056 176,127,086 52,336,542 
14 1,515,928 1,713,991 934,279 789,507 22,169,631 76,806,505 102,402,805 83,074,845 
15 3,411,643 2,041,087 4,680,907 1,068,634 4,791,661 85,916,162 71,527,807 120,998,108 
16 1,429,396 3,611,624 3,944,919 2,542,187 11,810,766 215,329,899 223,420,855 291,427,274 
17 0 264,171 0 0 0 0 0 0 
18 37,570 232,843 41,885 28,668 145,376 2,258,653 4,445,439 4,405,617 
19 15,338 209,883 23,437 134,902 1,534,896 2,469,943 7,234,634 7,201,379 
20 4,131,670 21,320,761 25,924,505 32,426,260 95,873,979 1,169,732,505 860,914,085 1,369,084,054 
21 37,347 35,066 26,276 14,947 95,172 1,409,443 1,530,395 1,914,913 
22 3,809,170 2,562,377 20,693,976 18,069,295 279,094,424 150,152,628 429,780,245 1,447,725,248 
23 21,748,843 10,445,095 16,671,920 9,064,735 109,881,553 789,501,839 1,112,706,642 320,228,190 

          
 58,150,014 48,515,987 76,463,368 73,764,050 540,613,500 3,137,387,000 3,522,911,000 3,774,695,000 
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Table 8.  Transactions Matrix Continued      
  14 15 16 17 18 19 20 21 
  Transportation 

and                
Communications 

Finance,           
Insurance, and 

Real Estate 

Services Health Hotels, Gaming, 
and Recreation 

Eating, Drinking, 
and Lodging 

Households Local Government 

  $ $ $ $ $ $ $ $ 
1 206 10,903 3,523 1,230 14,360 15 181,416 714 
2 18 317 56 141 1 6,603 9,451 0 
3 862 6,813 279,521 27,604 47,412 380,998 3,685,861 25,764 
4 341 15,680 4,681 2,109 18,784 19 79,519 808 
5 219 97,174 40,649 1,350 183,396 13 255,268 8,476 
6 3,885 18,501 123,896 69,095 399,273 1,045,280 5,237,490 50,879 
7 102,608 1,963,394 121,653 688,216 0 0 17,705,996 14,648 
8 97,475 32,015 202,723 87,730 28,804 69,358 1,150,066 19,916 
9 40 6 58,838 0 0 1 0 0 

10 9,207,989 56,514,838 39,756,207 14,000,076 25,839,185 13,958,790 206,728,501 6,148,549 
11 8,490,422 45,568,304 44,774,656 8,988,697 19,086,953 5,624,735 0 46,166,682 
12 63,738,489 24,161,240 113,830,108 63,186,746 21,328,361 49,335,749 822,682,031 13,931,574 
13 37,438,521 23,871,242 63,965,760 26,830,070 12,655,298 32,859,601 1,495,242,547 4,139,414 
14 228,757,411 99,080,824 137,206,654 44,263,479 32,240,744 16,160,147 495,656,815 10,068,638 
15 75,103,914 706,332,460 190,663,546 108,735,495 65,490,365 40,386,118 876,839,838 6,533,932 
16 173,918,575 369,872,553 413,289,173 143,038,175 138,198,637 36,992,632 1,118,877,436 20,333,300 
17 210,516 3,722 390,370 16,709,367 41,061 0 1,655,979,148 356,611 
18 1,981,379 15,040,020 10,189,612 2,563,977 1,034,589 1,096,232 171,325,930 1,237,795 
19 9,923,373 20,079,419 15,229,658 17,425,303 2,687,945 3,996,038 493,162,688 1,136,952 
20 705,515,432 985,499,904 1,931,905,420 922,404,801 623,125,142 218,549,428 489,300,000 523,819,059 
21 1,241,927 2,964,603 2,811,399 1,626,209 876,197 281,030 60,957,713 501,137,026 
22 361,503,092 1,271,361,785 702,082,849 134,964,745 856,849,986 49,873,311 2,412,008,450 79,731 
23 379,769,308 766,179,281 615,108,050 279,673,385 158,557,506 143,682,704 3,437,155,010 14,669,595 

          
  2,057,006,000 4,388,675,000 4,282,039,000 1,785,288,000 1,958,704,000 614,298,800 13,764,221,174 1,149,880,063 
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Table 8.  Transactions Matrix Continued 
  22 23  
  Other Final     

Payments 
Exports Row Total 

  $ $ $ 
1 53,993 3,749,047 4,685,000 
2 1,492 334,245 398,957 
3 29,437 15,855,035 22,386,829 
4 72,467 4,664,520 5,731,858 
5 622,014 32,256,632 41,867,341 
6 254,078 1,509,286 58,150,014 
7 3,365,531 20,024,768 48,515,987 
8 429,639 72,138,930 76,463,367 
9 1,095,487 65,744,415 73,764,050 

10 10,962,193 69,089,700 540,613,500 
11 2,499,435,016 425,813,696 3,137,387,000 
12 201,839,260 1,334,967,678 3,522,911,000 
13 68,128,869 1,471,499,786 3,774,695,000 
14 51,397,732 652,376,784 2,057,006,000 
15 135,612,568 1,885,573,776 4,388,675,000 
16 212,701,846 897,740,034 4,282,039,000 
17 12,778,323 98,554,710 1,785,288,000 
18 1,476,580 1,741,136,078 1,958,704,000 
19 3,612,401 28,217,722 614,298,800 
20 3,672,023,796 100,831,329 13,764,221,174 
21 539,645,319 33,239,349 1,149,880,064 
22 1,077,448,414 138,118,832 9,386,017,863 
23 358,720,620 3,837,564 8,562,963,128 

     
  8,851,707,076 9,097,273,915 59,256,662,934 
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Table 9.  Direct Requirements Matrix     
  1 2 3 4 

    Swingle Bench, 
Hazen, Fernley 

Alfalfa Hay    
Production 

Grain Farming Other Agriculture Other Hay       
Production 

1 Swingle Bench, Hazen, Fernley Alfalfa Hay Production 0.00003 0.00017 0.00011 0.00017 
2 Grain Farming 0.00000 0.00018 0.00001 0.00000 
3 Other Agriculture 0.00003 0.00018 0.00628 0.00002 
4 Other Hay Production 0.00004 0.00028 0.00019 0.00017 
5 Alfalfa Hay Production 0.00010 0.00068 0.00012 0.00147 
6 Livestock Production 0.00010 0.00065 0.00064 0.00005 
7 Agricultural Services 0.01154 0.07436 0.06480 0.00592 
8 Other Mining 0.00006 0.00011 0.00003 0.00001 
9 Gold Mining 0.00000 0.00000 0.00000 0.00000 
10 Utilities 0.06251 0.01603 0.00670 0.00158 
11 Construction 0.00022 0.00360 0.00405 0.00041 
12 Manufacturing 0.04126 0.06441 0.01747 0.00565 
13 Trade 0.06373 0.03700 0.01599 0.00306 
14 Transportation and Communications 0.00470 0.01481 0.00697 0.00148 
15 Finance, Insurance, and Real Estate 0.05169 0.09460 0.02120 0.00856 
16 Services 0.07336 0.01664 0.01083 0.00164 
17 Health 0.00000 0.00000 0.00000 0.00000 
18 Hotels, Gaming, and Recreation 0.00028 0.00071 0.00045 0.00007 
19 Eating, Drinking, and Lodging 0.00000 0.00013 0.00007 0.00001 
20 Households 0.12450 0.07930 0.22928 0.12940 
21 Local Government 0.00044 0.00078 0.00065 0.00006 
22 Other Final Payments 0.39118 0.32903 0.41944 0.39250 
23 Imports 0.17422 0.26637 0.19472 0.44778 
            
 Column Total 1.00000 1.00000 1.00000 1.00000 
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Table 9.  Direct Requirements Matrix Continued      
  5 6 7 8 9 10 11 12 
  Alfalfa Hay     

Production 
Livestock        
Production 

Agricultural    
Services 

Other Mining Gold Mining Utilities Construction Manufacturing 

1 0.00038 0.00644 0.00000 0.00000 0.00000 0.00000 0.00007 0.00002 
2 0.00000 0.00021 0.00000 0.00000 0.00000 0.00000 0.00000 0.00001 
3 0.00003 0.00017 0.00133 0.00000 0.00000 0.00000 0.00001 0.00051 
4 0.00037 0.00846 0.00000 0.00000 0.00000 0.00000 0.00009 0.00003 
5 0.00325 0.08155 0.00000 0.00000 0.00000 0.00000 0.00084 0.00025 
6 0.00010 0.08604 0.01455 0.00000 0.00000 0.00000 0.00000 0.01241 
7 0.01153 0.03966 0.00000 0.00000 0.00000 0.00000 0.00000 0.00005 
8 0.00006 0.00013 0.00009 0.00050 0.00012 0.00070 0.00018 0.00033 
9 0.00000 0.00000 0.00000 0.00039 0.06164 0.00000 0.00000 0.00065 
10 0.05557 0.02037 0.00492 0.01135 0.01890 0.00081 0.00396 0.01176 
11 0.00091 0.00430 0.00536 0.00011 0.00001 0.01310 0.00149 0.00262 
12 0.04125 0.09174 0.06196 0.02415 0.03701 0.00966 0.10347 0.12263 
13 0.06372 0.03949 0.03710 0.00955 0.01280 0.00388 0.09510 0.04999 
14 0.00470 0.02607 0.03533 0.01222 0.01070 0.04101 0.02448 0.02907 
15 0.05168 0.05867 0.04207 0.06122 0.01449 0.00886 0.02738 0.02030 
16 0.07064 0.02458 0.07444 0.05159 0.03446 0.02185 0.06863 0.06342 
17 0.00000 0.00000 0.00545 0.00000 0.00000 0.00000 0.00000 0.00000 
18 0.00033 0.00065 0.00480 0.00055 0.00039 0.00027 0.00072 0.00126 
19 0.00003 0.00026 0.00433 0.00031 0.00183 0.00284 0.00079 0.00205 
20 0.12777 0.07105 0.43946 0.33904 0.43959 0.17734 0.37284 0.24438 
21 0.00044 0.00064 0.00072 0.00034 0.00020 0.00018 0.00045 0.00043 
22 0.38779 0.06551 0.05282 0.27064 0.24496 0.51626 0.04786 0.12200 
23 0.17945 0.37401 0.21529 0.21804 0.12289 0.20325 0.25164 0.31585 
                  
  1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
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Table 9.  Direct Requirements Matrix Continued      
  13 14 15 16 17 18 19 20 
  Trade Transportation 

and                 
Communications 

Finance,          
Insurance, and 

Real Estate 

Services Health Hotels, Gaming, 
and Recreation 

Eating, Drinking, 
and Lodging 

Households 

1 0.00000 0.00000 0.00000 0.00000 0.00000 0.00001 0.00000 0.00001 
2 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00001 0.00000 
3 0.00000 0.00000 0.00000 0.00007 0.00002 0.00002 0.00062 0.00027 
4 0.00000 0.00000 0.00000 0.00000 0.00000 0.00001 0.00000 0.00001 
5 0.00000 0.00000 0.00002 0.00001 0.00000 0.00009 0.00000 0.00002 
6 0.00000 0.00000 0.00000 0.00003 0.00004 0.00020 0.00170 0.00038 
7 0.00000 0.00005 0.00045 0.00003 0.00039 0.00000 0.00000 0.00129 
8 0.00001 0.00005 0.00001 0.00005 0.00005 0.00001 0.00011 0.00008 
9 0.00000 0.00000 0.00000 0.00001 0.00000 0.00000 0.00000 0.00000 
10 0.00733 0.00448 0.01288 0.00928 0.00784 0.01319 0.02272 0.01502 
11 0.00313 0.00413 0.01038 0.01046 0.00503 0.00974 0.00916 0.00000 
12 0.00974 0.03099 0.00551 0.02658 0.03539 0.01089 0.08031 0.05977 
13 0.01387 0.01820 0.00544 0.01494 0.01503 0.00646 0.05349 0.10863 
14 0.02201 0.11121 0.02258 0.03204 0.02479 0.01646 0.02631 0.03601 
15 0.03206 0.03651 0.16094 0.04453 0.06091 0.03344 0.06574 0.06370 
16 0.07721 0.08455 0.08428 0.09652 0.08012 0.07056 0.06022 0.08129 
17 0.00000 0.00010 0.00000 0.00009 0.00936 0.00002 0.00000 0.12031 
18 0.00117 0.00096 0.00343 0.00238 0.00144 0.00053 0.00178 0.01245 
19 0.00191 0.00482 0.00458 0.00356 0.00976 0.00137 0.00651 0.03583 
20 0.36270 0.34298 0.22456 0.45116 0.51667 0.31813 0.35577 0.03555 
21 0.00051 0.00060 0.00068 0.00066 0.00091 0.00045 0.00046 0.00443 
22 0.38353 0.17574 0.28969 0.16396 0.07560 0.43746 0.08119 0.17524 
23 0.08484 0.18462 0.17458 0.14365 0.15665 0.08095 0.23390 0.24972 
                  
  1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 



 

PAGE 37 

Direct Requirements 

 The dollar values of all inputs used by a sector to produce one dollar of output are 

called direct requirements.  Direct requirements by a sector have been referred to as a 

“production recipe” to produce a dollar of output.  That is, the direct requirements by a 

sector to produce one dollar of output are the required purchases of inputs from each selling 

sector.  

Direct requirements shown in Table 9 are calculated by dividing each purchase 

transaction for a given sector by its total output.  Direct requirements provide estimates of 

the dollar value of inputs that are required to produce one dollar of output by the producing 

sector.  For example, to produce one dollar of output, the Livestock Production Sector 

makes purchases of $.004 from the Construction Sector, $.039 from the Trade Sector and 

$.040 from the Agricultural Services Sector. 

Final Demand Requirements 

 Final demand requirements measure the change in total economic activity from a 

change in final demand.  Final demand includes capital formation, inventory accumulation, 

federal government purchases, and exports.  The final demand requirements are calculated 

by an identity matrix and a Leontief matrix.  The identity matrix has ones placed along the 

main diagonal and zeros in other locations.  The Leontief matrix, as seen in Table 10, is 

derived by subtracting the direct requirements matrix from the identity matrix.     

Table 11 shows the final demand requirements, which are derived by taking the 

inverse of the Leontief matrix.  Final demand requirements show the dollar amount of 

change in economic activity of the row sector from a one dollar change in final demand of 

the column sector.  The column totals are the final demand total requirements that show the 

total dollar amount of change in economic activity of all row sectors combined from a one 

dollar change in final demand of the column sector.  The final demand total requirements are 

the same as the final demand multipliers.  The interdependencies or linkages between and 

among economic sectors in the TROA area are derived and provided in Table 10.    
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 Table 10.  Leontief Matrix      

   1 2 3 4 5 
    Swingle Bench, 

Hazen, Fernley 
Alfalfa Hay     
Production 

Grain Farming Other Agriculture Other Hay      
Production 

Alfalfa Hay     
Production 

1 Swingle Bench, Hazen, Fernley Alfalfa Hay Production 0.99997 -0.00017 -0.00011 -0.00017 -0.00038 
2 Grain Farming 0.00000 0.99982 -0.00001 0.00000 0.00000 
3 Other Agriculture -0.00003 -0.00018 0.99372 -0.00002 -0.00003 
4 Other Hay Production -0.00004 -0.00028 -0.00019 0.99983 -0.00037 
5 Alfalfa Hay Production -0.00010 -0.00068 -0.00012 -0.00147 0.99675 
6 Livestock Production -0.00010 -0.00065 -0.00064 -0.00005 -0.00010 
7 Agricultural Services -0.01154 -0.07436 -0.06480 -0.00592 -0.01153 
8 Other Mining -0.00006 -0.00011 -0.00003 -0.00001 -0.00006 
9 Gold Mining 0.00000 0.00000 0.00000 0.00000 0.00000 
10 Utilities -0.06251 -0.01603 -0.00670 -0.00158 -0.05557 
11 Construction -0.00022 -0.00360 -0.00405 -0.00041 -0.00091 
12 Manufacturing -0.04126 -0.06441 -0.01747 -0.00565 -0.04125 
13 Trade -0.06373 -0.03700 -0.01599 -0.00306 -0.06372 
14 Transportation and Communications -0.00470 -0.01481 -0.00697 -0.00148 -0.00470 
15 Finance, Insurance, and Real Estate -0.05169 -0.09460 -0.02120 -0.00856 -0.05168 
16 Services -0.07336 -0.01664 -0.01083 -0.00164 -0.07064 
17 Health 0.00000 0.00000 0.00000 0.00000 0.00000 
18 Hotels, Gaming, and Recreation -0.00028 -0.00071 -0.00045 -0.00007 -0.00033 
19 Eating, Drinking, and Lodging 0.00000 -0.00013 -0.00007 -0.00001 -0.00003 
20 Households -0.12450 -0.07930 -0.22928 -0.12940 -0.12777 
              
 Column Total 0.56585 0.59617 0.61480 0.84034 0.56768 
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 Table 10.  Leontief Matrix Continued      

  6 7 8 9 10 11 12 13 
  Livestock       

Production 
Agricultural   

Services 
Other Mining Gold Mining Utilities Construction Manufacturing Trade 

1 -0.00644 0.00000 0.00000 0.00000 0.00000 -0.00007 -0.00002 0.00000 
2 -0.00021 0.00000 0.00000 0.00000 0.00000 0.00000 -0.00001 0.00000 
3 -0.00017 -0.00133 0.00000 0.00000 0.00000 -0.00001 -0.00051 0.00000 
4 -0.00846 0.00000 0.00000 0.00000 0.00000 -0.00009 -0.00003 0.00000 
5 -0.08155 0.00000 0.00000 0.00000 0.00000 -0.00084 -0.00025 0.00000 
6 0.91396 -0.01455 0.00000 0.00000 0.00000 0.00000 -0.01241 0.00000 
7 -0.03966 1.00000 0.00000 0.00000 0.00000 0.00000 -0.00005 0.00000 
8 -0.00013 -0.00009 0.99950 -0.00012 -0.00070 -0.00018 -0.00033 -0.00001 
9 0.00000 0.00000 -0.00039 0.93836 0.00000 0.00000 -0.00065 0.00000 
10 -0.02037 -0.00492 -0.01135 -0.01890 0.99919 -0.00396 -0.01176 -0.00733 
11 -0.00430 -0.00536 -0.00011 -0.00001 -0.01310 0.99851 -0.00262 -0.00313 
12 -0.09174 -0.06196 -0.02415 -0.03701 -0.00966 -0.10347 0.87737 -0.00974 
13 -0.03949 -0.03710 -0.00955 -0.01280 -0.00388 -0.09510 -0.04999 0.98613 
14 -0.02607 -0.03533 -0.01222 -0.01070 -0.04101 -0.02448 -0.02907 -0.02201 
15 -0.05867 -0.04207 -0.06122 -0.01449 -0.00886 -0.02738 -0.02030 -0.03206 
16 -0.02458 -0.07444 -0.05159 -0.03446 -0.02185 -0.06863 -0.06342 -0.07721 
17 0.00000 -0.00545 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
18 -0.00065 -0.00480 -0.00055 -0.00039 -0.00027 -0.00072 -0.00126 -0.00117 
19 -0.00026 -0.00433 -0.00031 -0.00183 -0.00284 -0.00079 -0.00205 -0.00191 
20 -0.07105 -0.43946 -0.33904 -0.43959 -0.17734 -0.37284 -0.24438 -0.36270 
                  
  0.44016 0.26883 0.48902 0.36805 0.71968 0.29995 0.43828 0.46888 
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 Table 10.  Leontief Matrix Continued     
  14 15 16 17 18 19 20 
  Transportation 

and                
Communications 

Finance,          
Insurance, and 

Real Estate 

Services Health Hotels, Gaming, 
and Recreation 

Eating, Drinking, 
and Lodging 

Households 

1 0.00000 0.00000 0.00000 0.00000 -0.00001 0.00000 -0.00001 
2 0.00000 0.00000 0.00000 0.00000 0.00000 -0.00001 0.00000 
3 0.00000 0.00000 -0.00007 -0.00002 -0.00002 -0.00062 -0.00027 
4 0.00000 0.00000 0.00000 0.00000 -0.00001 0.00000 -0.00001 
5 0.00000 -0.00002 -0.00001 0.00000 -0.00009 0.00000 -0.00002 
6 0.00000 0.00000 -0.00003 -0.00004 -0.00020 -0.00170 -0.00038 
7 -0.00005 -0.00045 -0.00003 -0.00039 0.00000 0.00000 -0.00129 
8 -0.00005 -0.00001 -0.00005 -0.00005 -0.00001 -0.00011 -0.00008 
9 0.00000 0.00000 -0.00001 0.00000 0.00000 0.00000 0.00000 
10 -0.00448 -0.01288 -0.00928 -0.00784 -0.01319 -0.02272 -0.01502 
11 -0.00413 -0.01038 -0.01046 -0.00503 -0.00974 -0.00916 0.00000 
12 -0.03099 -0.00551 -0.02658 -0.03539 -0.01089 -0.08031 -0.05977 
13 -0.01820 -0.00544 -0.01494 -0.01503 -0.00646 -0.05349 -0.10863 
14 0.88879 -0.02258 -0.03204 -0.02479 -0.01646 -0.02631 -0.03601 
15 -0.03651 0.83906 -0.04453 -0.06091 -0.03344 -0.06574 -0.06370 
16 -0.08455 -0.08428 0.90348 -0.08012 -0.07056 -0.06022 -0.08129 
17 -0.00010 0.00000 -0.00009 0.99064 -0.00002 0.00000 -0.12031 
18 -0.00096 -0.00343 -0.00238 -0.00144 0.99947 -0.00178 -0.01245 
19 -0.00482 -0.00458 -0.00356 -0.00976 -0.00137 0.99349 -0.03583 
20 -0.34298 -0.22456 -0.45116 -0.51667 -0.31813 -0.35577 0.96445 
                
  0.36097 0.46495 0.30826 0.23316 0.51886 0.31554 0.42938 
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 Table 11. Final Demand Requirements      
   1 2 3 4 5 

    Swingle Bench, 
Hazen, Fernley 

Alfalfa Hay     
Production 

Grain Farming Other Agriculture Other Hay        
Production 

Alfalfa Hay      
Production 

1 Swingle Bench, Hazen, Fernley Alfalfa Hay Production 1.00005 0.00020 0.00014 0.00018 0.00040 
2 Grain Farming 0.00000 1.00018 0.00001 0.00000 0.00000 
3 Other Agriculture 0.00020 0.00044 1.00657 0.00010 0.00021 
4 Other Hay Production 0.00006 0.00032 0.00023 1.00017 0.00039 
5 Alfalfa Hay Production 0.00027 0.00102 0.00039 0.00153 1.00344 
6 Livestock Production 0.00164 0.00357 0.00285 0.00059 0.00165 
7 Agricultural Services 0.01216 0.07505 0.06596 0.00626 0.01220 
8 Other Mining 0.00019 0.00021 0.00012 0.00004 0.00018 
9 Gold Mining 0.00006 0.00008 0.00005 0.00002 0.00006 
10 Utilities 0.07369 0.02703 0.01785 0.00646 0.06696 
11 Construction 0.00517 0.00814 0.00746 0.00166 0.00575 
12 Manufacturing 0.08501 0.11100 0.06454 0.02482 0.08524 
13 Trade 0.11477 0.08591 0.07463 0.02890 0.11522 
14 Transportation and Communications 0.03952 0.04857 0.04020 0.01496 0.03927 
15 Finance, Insurance, and Real Estate 0.11121 0.15818 0.07822 0.03270 0.11143 
16 Services 0.15176 0.09328 0.08564 0.03250 0.14917 
17 Health 0.04344 0.03819 0.05257 0.02452 0.04369 
18 Hotels, Gaming, and Recreation 0.00592 0.00609 0.00692 0.00293 0.00599 
19 Eating, Drinking, and Lodging 0.01523 0.01383 0.01758 0.00802 0.01530 
20 Households 0.35697 0.31098 0.42981 0.20155 0.35905 
              
 Column Total 2.01731 1.98227 1.95175 1.38792 2.01562 
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 Table 11. Final Demand Requirements Continued    
  6 7 8 9 10 11 12 

  Livestock        
Production 

Agricultural     
Services 

Other Mining Gold Mining Utilities Construction Manufacturing 

1 0.00711 0.00013 0.00002 0.00003 0.00001 0.00010 0.00014 
2 0.00023 0.00001 0.00000 0.00000 0.00000 0.00000 0.00002 
3 0.00044 0.00168 0.00023 0.00029 0.00013 0.00035 0.00079 
4 0.00932 0.00017 0.00002 0.00002 0.00001 0.00012 0.00018 
5 0.08984 0.00158 0.00016 0.00021 0.00010 0.00116 0.00167 
6 1.09722 0.01841 0.00143 0.00193 0.00077 0.00295 0.01652 
7 0.04528 1.00202 0.00093 0.00115 0.00050 0.00121 0.00156 
8 0.00028 0.00025 1.00062 0.00028 0.00076 0.00034 0.00048 
9 0.00011 0.00011 0.00047 1.06576 0.00003 0.00013 0.00083 
10 0.03988 0.02670 0.02654 0.03824 1.00901 0.02426 0.02794 
11 0.00966 0.01193 0.00490 0.00497 0.01552 1.00757 0.00773 
12 0.15908 0.14991 0.08212 0.11268 0.04371 0.18822 1.19454 
13 0.10477 0.14599 0.08560 0.10994 0.04741 0.19634 0.12850 
14 0.06797 0.09909 0.05563 0.06338 0.06841 0.08391 0.07742 
15 0.13394 0.14976 0.14119 0.10332 0.05000 0.12511 0.09606 
16 0.11853 0.21661 0.15108 0.15333 0.07775 0.20384 0.16968 
17 0.04254 0.10357 0.07115 0.09085 0.03910 0.08917 0.06542 
18 0.00653 0.01659 0.00910 0.01099 0.00491 0.01153 0.00934 
19 0.01549 0.03714 0.02402 0.03173 0.01592 0.03071 0.02431 
20 0.34804 0.80723 0.58567 0.74781 0.32183 0.73393 0.53843 
                
  2.29626 2.78889 2.24088 2.53690 1.69587 2.70095 2.36156 
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 Table 11. Final Demand Requirements Continued     
  13 14 15 16 17 18 19 20 

  Trade Transportation 
and                 

Communications 

Finance,          
Insurance, and 

Real Estate 

Services Health Hotels, Gaming, 
and Recreation 

Eating, Drinking, 
and Lodging 

Households 

1 0.00002 0.00002 0.00002 0.00003 0.00003 0.00003 0.00004 0.00004 
2 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00001 0.00000 
3 0.00024 0.00028 0.00020 0.00038 0.00037 0.00024 0.00093 0.00050 
4 0.00002 0.00002 0.00002 0.00003 0.00003 0.00003 0.00005 0.00003 
5 0.00015 0.00020 0.00016 0.00023 0.00025 0.00025 0.00044 0.00027 
6 0.00130 0.00181 0.00110 0.00193 0.00225 0.00143 0.00443 0.00241 
7 0.00097 0.00114 0.00131 0.00128 0.00180 0.00088 0.00127 0.00211 
8 0.00013 0.00019 0.00011 0.00020 0.00022 0.00012 0.00028 0.00021 
9 0.00005 0.00008 0.00004 0.00009 0.00009 0.00005 0.00011 0.00009 
10 0.02320 0.02295 0.02844 0.02988 0.03092 0.02744 0.04240 0.03116 
11 0.00804 0.01022 0.01676 0.01688 0.01203 0.01428 0.01559 0.00682 
12 0.07078 0.10501 0.05889 0.10750 0.12554 0.06638 0.16055 0.12233 
13 1.09522 0.11086 0.07413 0.12027 0.13238 0.07965 0.15030 0.17463 
14 0.06885 1.17505 0.06759 0.09318 0.09131 0.05848 0.08433 0.08526 
15 0.11272 0.13116 1.25555 0.14903 0.17877 0.10634 0.16590 0.14995 
16 0.18276 0.21273 0.18973 1.23361 0.23127 0.16542 0.19065 0.19521 
17 0.07635 0.08344 0.06158 0.09734 1.11834 0.06792 0.08527 0.17238 
18 0.01026 0.01109 0.01146 0.01401 0.01444 1.00864 0.01223 0.01946 
19 0.02726 0.03315 0.02605 0.03595 0.04605 0.02397 1.03533 0.05539 
20 0.62844 0.68584 0.50682 0.80040 0.89631 0.55888 0.70180 1.41906 
                  
  2.30677 2.58524 2.29995 2.70223 2.88242 2.18043 2.65192 2.43731 
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Estimation of the Economic Impacts for Reallocations of Water 

The input-output model is used in combination with the control totals and 

coefficients to estimate economic impacts of water reallocation. Direct economic impact, 

total impacts and the ultimate water use change are outputs from the model. 

Water is transferred away from the agricultural sector and into the commercial 

sector. Each type of water transfer is considered separately to accommodate the water 

constraints on the agricultural sectors. When water is transferred away from agricultural 

sectors, it is assumed that there will be a negative impact on suppliers that will reverberate 

through the economy. However, when water is transferred to commercial sectors, it is 

assumed that water will be taken away from agricultural sectors and local agricultural 

sectors will not be positively impacted by increased demands generated in the commercial 

sectors. In this case, increases in agricultural sector demands must be met by imports as they 

will not be able to respond to the increased demands without increases in water use. 

 

Application of the Model 

 A summary of the operation of the computer program to calculate economic impacts 

for reallocations of water from agricultural use to commercial use is given below. 

 The program starts by inputting a given water transfer amount in acre-feet in either 

the agricultural sectors or the commercial sectors on the “M and I Impacts” worksheet in the 

indicated spaces. Entering the water transfer amount allows calculation of the direct 

economic impact of the water transfer. This is done by multiplying the amount of the water 

change in acre-feet by output per acre-foot for the given sector. That is, water use is 

assumed to have a linear relationship with the amount of output produced in a given sector. 

The vector of direct economic impacts is then multiplied by the matrix of output 

requirements from the input-output model described in Sections II and III. This process 

gives as output total economic impacts by sector of the original water transfer. Total impacts 

are then used to find the change in employment in each sector. Each sector’s total impacts in 

dollars are multiplied by that sector’s ratio of jobs to output for the total employment change 

by sector. Population change by sector is found by multiplying by the ratio of total 

population to jobs, 1.6. The change in the number of households by sector is found by 
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multiplying each sector’s population change by the ratio of total households to total 

population, 0.39. Residential water use changes implied by the household changes are found 

by multiplying number of households by sector by 0.524, the estimated water use per 

household. Final changes in water use by agricultural and commercial sectors are found by 

multiplying each sector’s total impact in dollars by water use per dollar of output. 

 In the case of an addition to the availability of water to the commercial sector, 

additional demands for output from the agricultural sectors would ordinarily increase 

income and water use in the agricultural sectors. However, we have assumed that the water 

available for the agricultural sector cannot increase so that all new demands in agricultural 

sectors must be meet by imports. Impacts on the agricultural sector due to an increase in 

activity in the commercial sectors are assumed to be zero. This is reflected in the two sets of 

results on the “M and I” worksheet labeled “Total Impacts – Ag Transfer” and “Total 

Impacts – Commercial Transfer”. 

 

Changing Water Control Totals   

 With care, water use assumptions in the model may be changed. The changes 

suggested below would imply a different efficiency of water use. If larger numbers are 

entered, the implication is that the amount of water use per $1 of output has increased and 

vice versa if smaller numbers are entered. Water use assumptions may be readily changed in 

the following ways: 

 

1. Residential water use may be changed by entering a new per household water use 

estimate on the “input table” worksheet under the column “Residential Water” in the cell 

that currently reads 0.524 acre-feet/household. 

2. Commercial water use may be changed by entering new per gallon per employee per day 

estimates into the column “Commercial water: gallons/emp/day” in the appropriate sector’s 

row on the “input table” worksheet. 

3. Agricultural water use can be changed by entering a new amount in acre-feet in the 

appropriate sector on the “M and I impacts” worksheet page under the column “current use”. 
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Sample Results 

 Sample reallocation results are presented in Tables 12 to 18. Results are given for a 

40,000 acre-foot transfer away from the livestock sector and for a 5,000 acre-foot transfer to 

manufacturing, service, health and casino hotel sectors. For sample results, 20 percent of the 

available 5,000 acre-feet for commercial transfer goes to the manufacturing sector, 10 

percent to warehousing and transportation, 40 percent to services, 10 percent to the health 

sector and 20 percent to the hotels, gaming and recreation sector. It is assumed that these 

sectors produce some sort of “export” for other areas, i.e. they are growth leaders. A 

different allocation is easily made by changing the percentages in the column beneath the 

commercial water addition cell. 

 Water transfer amounts and the impact in increased or decreased direct output are 

given in Table 12. In the Excel model, these can be read from either from the “Change in 

Output” column or below this in the appropriate economic impacts table under “Direct 

Impacts”. This is on the “M and I worksheet page. 

 In Table 12, a reduction of 40,000 acre-feet available to the livestock sector directly 

reduces output possible in this sector by about $17.29 million. When 5,000 acre-feet of 

water is transferred to manufacturing, warehouses and transportation, services and health, 

these sectors are directly able to produce about $3.70 billion more output. Average output 

per acre-foot has a higher dollar value in the commercial sectors than in the agricultural 

sectors.  Some of the high average output per acre-foot in the commercial sector is due to 

higher capital investments when compared to agriculture. 

 Table 13 gives total impacts resulting from the direct change in output given in 

Table 12. As indirect and induced impacts occur, an initial reduction in output in the 

livestock sector of $17.29 million causes an additional $17.21 million in reduced output 

throughout the economy for a total reduction of $36.19 million in output. Similarly, the 

indirect and induced impacts of the increase in output in the commercial sectors causes a 

total of $7.77 billion in increased output throughout the economy. The results by sector can 

be found on the M and I worksheet page in the columns “Total Impacts – Ag Transfer” or 

“Total Impacts – Commercial Transfer”. 
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Table 12. Current Water Use, Water Transfer Amounts and Direct Economic Impact 
by Sector 

 
 

  
Current 

Use 
(Acre-feet) 

Ag Water 
Reduction 
(Acre-feet) 

Change In  
Output 

Commercial 
Water       

Addition 
(Acre-feet) 

  

Change In  
Output 

Swingle Bench/
Hazen/Fernley      
Alfalfa 

16,139 0 $                 - 0 $                        - 

Grain Farming 4,075 0 $                 - 0 $                        - 
Other Agriculture 19,617 0 $                 - 0 $                        - 
Other Hay 17,778 0 $                 - 0 $                        - 
Alfalfa Hay 124,649 0 $                 - 0 $                        - 
Livestock 102,192 (40,000) $ (17,292,821) 0 $                        - 

Agricultural Services 182 0 $                 - 0 $                        - 
Other Mining 80 0 $                 - 0 $                        - 
Gold Mining 36 0 $                  - 0 $                        - 
Utilities 70 0 $                 - 0 $                        - 
Construction 2,255 0 $                 - 0 $                        - 
Manufacturing 2,251 0 $                 - 1,000 $ 1,564,845,702 
Trade 3,681 0 $                 - 0 $                        - 
Transportation and 
Communications 3,262 0 $                 - 500 $     315,256,891 

Finance, Insurance, 
and Real Estate 6,539 0 $                 - 0 $                        - 

Services 10,342 0 $                 - 2,000 $     828,062,855 
Health 5,989 0 $                 - 500 $     149,035,145 
Hotels, Gaming, and 
Recreation 2,338 0 $                 - 1,000 $     837,906,866 

Eating, Drinking, 
and Lodging 2,212 0 $                 - 0 $                        - 

Households 95,380 0 $                 - 0 $                           
- 

Total 419,069 (40,000) ($17,292,821) 5,000 $ 3,695,107,459 
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Table 13. Total Economic Impact by Sector 
 
   Total Impacts -                 

Ag Transfer 
Total Impacts-           

Commercial Transfer 

Swingle Bench/Hazen/
Fernley Alfalfa $            (112,131) $                        - 

Grain Farming $                 (3,687) $                        - 
Other Agriculture $                 (6,945) $                        - 
Other Hay $            (146,936) $                        - 
Alfalfa Hay $         (1,415,959) $                        - 
Livestock $       (17,292,821) $                        - 

Agricultural Services $            (713,581) $                    4,175,282 
Other Mining $                 (4,436) $                       952,077 
Gold Mining $                 (1,766) $                    1,221,219 
Utilities $            (628,469) $                 89,735,687 
Construction $            (152,219) $                 37,661,543 
Manufacturing $         (2,507,157) $            1,737,046,867 
Trade $         (1,651,171) $               362,619,004 
Transportation and 
Communications $         (1,071,232) $               539,972,878 

Finance, Insurance, 
and Real Estate $         (2,110,988) $               373,228,367 

Services $         (1,868,144) $            1,275,665,321 
Health $            (670,394) $               378,887,402 
Hotels, Gaming, and 
Recreation $            (102,925) $               864,452,249 

Eating, Drinking, and 
Lodging $            (244,184) $                 90,925,248 

Households $         (5,485,393) $            2,010,335,291 

Total $       (36,190,536) $            7,766,878,435 
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 In Table 14, the total impact of the 40,000 acre-foot reduction in water use in the 
livestock sector on jobs, population and housing units by sector is given. A total of 461 jobs, 
746 people and 289 occupied housing units are lost from the economy. These results can be 
read from the appropriate economic impacts table on the M and I worksheet page when a 
given water level reduction is entered in the spreadsheet. 
 

Table 14.  Employment, Income, Population, and Housing  
Response by Sector for Agriculture Water Reduction 

 
 

 

 

 

 
 

  Employment 
(jobs) Population 

Housing 
Units 

Swingle Bench/Hazen/
Fernley Alfalfa (2) (4) (2) 

Grain Farming (0) (0) (0) 

Other Agriculture (0) (0) (0) 

Other Hay (7) (11) (4) 

Alfalfa Hay (29) (46) (18) 

Livestock (308) (499) (193) 

Agricultural Services (16) (26) (10) 

Other Mining (0) (0) (0) 

Gold Mining (0) (0) (0) 

Utilities (1) (2) (1) 

Construction (1) (2) (1) 

Manufacturing (12) (20) (8) 

Trade (20) (32) (12) 
Transportation and 
Communications 

(9) (15) (6) 

Finance, Insurance, 
and Real Estate 

(14) (23) (9) 

Services (27) (44) (17) 

Health (7) (11) (4) 
Hotels, Gaming, and 
Recreation 

(1) (2) (1) 

Eating, Drinking, and 
Lodging 

(6) (10) (4) 

Households (0) (0) (0) 

Total (461) (746) (289) 
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 Table 15 gives the employment, population and housing unit increase in response to 
an increase of 5,000 acre-feet of water available to commercial sectors. This information can 
be read from the appropriate economic impacts table on the M and I worksheet page when 
an amount is entered for commercial water use increase. 
 

Table 15.  Employment, Income, Population, and Housing  
Response by Sector for Commercial Water Addition 

 
 

 
 

  Employment 
(jobs) Population Housing 

Units 

Swingle Bench/Hazen/
Fernley Alfalfa 0 0 0 

Grain Farming 0 0 0 
Other Agriculture 0 0 0 
Other Hay 0 0 0 
Alfalfa Hay 0 0 0 
Livestock 0 0 0 

Agricultural Services 92 149 58 
Other Mining 5 8 3 
Gold Mining 3 5 2 
Utilities 177 287 111 
Construction 310 501 194 
Manufacturing 8,363 13,534 5,248 
Trade 4,308 6,971 2,703 
Transportation and 
Communications 4,594 7,433 2,882 

Finance, Insurance, 
and Real Estate 2,543 4,116 1,596 

Services 18,592 30,086 11,666 

Health 3,908 6,323 2,452 
Hotels, Gaming, and 
Recreation 11,206 18,133 7,031 

Eating, Drinking, and 
Lodging 2,258 3,654 1,417 

Households 0 0 0 

Total 56,359 91,201 35,363 
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 The initial 40,000 acre-foot reduction in water use by the livestock sector causes 
indirect and induced reductions in water use as well. Reduced economic activity in other 
sectors and a reduced number of residences cause a total water use reduction of 56,128 acre-
feet. These results are also found in the appropriate economic impacts table on the M and I 
worksheet page when a given water level reduction is entered in the spreadsheet. 
 

Table 16.  Water Use Response by Sector for Agricultural Water  
Reduction for Residential, Commercial and Agricultural Uses 

 
 

 

 
 

  
Residential 
Water Use 
(Acre-feet) 

Commercial 
Water Use 
(Acre-feet) 

Agricultural 
Water Use 
(Acre-feet) 

Total    
Water Use 
(Acre-feet) 

Swingle Bench/Hazen/
Fernley Alfalfa (1)   (1,126) (1,127) 

Grain Farming (0)   (51) (51) 
Other Agriculture (0)   (14) (14) 
Other Hay (2)   (2,889) (2,891) 
Alfalfa Hay (9)   (11,879) (11,888) 
Livestock (101)   (40,000) (40,101) 

Agricultural Services (5) (3)   (8) 
Other Mining (0) (0)   (0) 
Gold Mining (0) (0)   (0) 
Utilities (0) (0)   (0) 
Construction (0) (0)   (1) 
Manufacturing (4) (2)   (6) 
Trade (6) (2)   (8) 
Transportation and 
Communications (3) (2)   (5) 

Finance, Insurance, 
and Real Estate (5) (3)   (8) 

Services (9) (5)   (13) 
Health (2) (2)   (5) 
Hotels, Gaming, and 
Recreation (0) (0)   (1) 

Eating, Drinking, and 
Lodging (2) (1)   (3) 

Households (0) 0   (0) 

Total (152) (19) (55,958) (56,128) 
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The initial 5,000 acre-foot available for use in the commercial sectors causes sizable 
indirect and induced increases in water use. Increased economic activity in other sectors and 
an increase in the number of residences causes a total water use increase of 27,161 acre-feet. 
These results are given in the appropriate economic impacts table on the M and I worksheet 
page when a given water level increase in commercial sectors is entered in the spreadsheet. 
 
Table 17.  Water Use Response by Sector for Commercial Water  
Addition for Residential, Commercial and Agricultural Uses 

 
 

 
 

  
Residential 
Water Use 
(Acre-feet) 

Commercial 
Water Use 
(Acre-feet) 

Agricultural 
Water Use 
(Acre-feet) 

Total Water 
Use 

(Acre-feet) 
Swingle Bench/Hazen/
Fernley Alfalfa 0   0 0 

Grain Farming 0   0 0 
Other Agriculture 0   0 0 
Other Hay 0   0 0 
Alfalfa Hay 0   0 0 
Livestock 0   0 0 

Agricultural Services 30 16   46 
Other Mining 2 1   3 
Gold Mining 1 1   2 
Utilities 58 12   70 
Construction 102 27   129 
Manufacturing 2,748 1,110   3,858 
Trade 1,415 354   1,769 
Transportation and 
Communications 1,509 856   2,366 

Finance, Insurance, 
and Real Estate 836 556   1,392 

Services 6,109 3,081   9,190 
Health 1,284 1,271   2,555 
Hotels, Gaming, and 
Recreation 3,682 1,032   4,713 

Eating, Drinking, and 
Lodging 742 327   1,069 

Households 0 0 0 0 

Total 18,517 8,643 0 27,161 
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 Table 18 summarizes the sample results of the water reallocation model. A large 

positive impact for reallocation of water to commercial sectors is realized by the model. 

Initial water use allocated to the manufacturing, warehousing and transportation, health and 

services sector has large indirect and induced effects in the economy. Water use increases in 

these sectors increases total water use in the region by over 5 times the initial amount. 

Similarly, a reduction in agricultural water use in the model causes a relatively modest 

decrease in economic activity and in indirect and induced water use. 

Table 18. Summary. 

 
 

 

 

 
 

  Agriculture Water Reduction Commercial Water Increase 

Water Transfer Amount (40,000) acre-feet 5,000 acre-feet 

Direct Economic Impact $(17,292,821) $3,695,107,459 

Total Economic Impact $(36,190,536) $7,766,878,435 

Employment Response (461) jobs 56,359 jobs 

Population Response (746) people 91,201 people 

Housing Response (289) dwellings 35,363 dwellings 

Agricultural Water Use       
Response 

(55,958) acre-feet 0 acre-feet 

Commercial Water Use         
Response 

(19) acre-feet 8,643 acre-feet 

Residential Water Use           
Response 

(152) acre-feet 18,517 acre-feet 

Total Water Response (56,128) acre-feet 27,161 acre-feet 

Water Transfer Multiplier 1.40 acre-feet 5.43 acre-feet 



 

PAGE 54 

 

 

 

 

 

 

 

 

 

 

Appendix A 

Model and Data Used to Estimate 
Employment and Income Multipliers 

 
 
 
 
 
 
 
 
 
 
 
 
 



 

PAGE 55 

Appendix A 
Model and Data Used to Estimate 

Employment and Income Multipliers 
 

 A computer spreadsheet that uses regional IMPLAN multipliers was developed to 

enable community development specialists to easily measure the secondary benefits of the 

health sector on a state, regional, or county economy. A brief review of input-output analysis 

and IMPLAN are presented here. 

A Review of Input-Output Analysis 

 Input-output (I/O) (Miernyk, 1965) was designed to analyze the transactions among 

the industries in an economy. These models are largely based on the work of Wassily 

Leontief (1936). Detailed I/O analysis captures the indirect and induced interrelated circular 

behavior of the economy. For example, an increase in the demand for health services 

requires more equipment, more labor, and more supplies, which, in turn, requires more labor 

to produce the supplies, etc. By simultaneously accounting for structural interaction between 

sectors and industries, I/O analysis gives expression to the general economic equilibrium 

system. The analysis utilizes assumptions based on linear and fixed coefficients and limited 

substitutions among inputs and outputs. The analysis also assumes that average and marginal 

I/O coefficients are equal. 

 Nonetheless, the framework has been widely accepted and used. I/O analysis is 

useful when carefully executed and interpreted in defining the structure of a region, the 

interdependencies among industries, and forecasting economic outcomes. 

 The I/O model coefficients describe the structural interdependence of an economy. 

From the coefficients, various predictive devices can be computed, which can be useful in 
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analyzing economic changes in a state, a region, or a county. Multipliers indicate the 

relationship between some observed change in the economy and the total change in 

economic activity created throughout the economy. 

MicroIMPLAN 

 MicroIMPLAN is a computer program developed by the United States Forest 

Service (Alward, et al., 1989) to construct I/O accounts and models. Typically, the 

complexity of I/O modeling has hindered practitioners from constructing models specific to 

a community requesting an analysis. Too often, inappropriate U.S. multipliers have been 

used to estimate local economic impacts. In contrast, IMPLAN can construct a model for 

any county, region, state, or zip code area in the United States by using available state, 

county, and zip code level data. Impact analysis can be performed once a regional I/O model 

is constructed. 

 Five different sets of multipliers are estimated by IMPLAN, corresponding to five 

measures of regional economic activity. These are: total industry output, personal income, 

total income, value added, and employment. Two types of multipliers are generated. Type I 

multipliers measure the impact in terms of direct and indirect effects. Direct impacts are the 

changes in the activities of the focus industry or firm, such as the closing of a wild horse and 

burro interpretative center. The focus business changes its purchases of inputs as a result of 

the direct impacts. This produces indirect impacts in other business sectors. However, the 

total impact of a change in the economy consists of direct, indirect, and induced changes. 

Both the direct and indirect impacts change the flow of dollars to the state, region, or 

county’s households. Subsequently, the households alter their consumption accordingly. The 



 

PAGE 57 

effect of changes in household consumption on businesses in a community is referred to as 

an induced effect. To measure the total impact, a Type II multiplier is used. The Type II 

multiplier compares direct, indirect, and induced effects with the direct effects generated by 

a change in final demand (the sum of direct, indirect, and induced dived by direct). 

Minnesota IMPLAN Group, Inc. (MIG) 

 Dr. Wilbur Maki at the University of Minnesota utilized the input/output model and 

database work from the U.S. Forest Service’s Land Management Planning Unit in Fort 

Collins to further develop the methodology and to expand the data sources. Scott Lindall and 

Doug Olson joined the University of Minnesota in 1984 and worked with Maki and the 

model. 

 As an outgrowth of their work with the University of Minnesota, Lindall and Olson 

entered into a technology transfer agreement with the University of Minnesota that allowed 

them to form MIG. At first, MIG focused on database development and provided data that 

could be used in the Forest Service version of the software. In 1995, MIG took on the task of 

writing a new version of the IMPLAN software from scratch. This new version extended the 

previous Forest Service version by creating an entirely new modeling system that included 

creating Social Accounting Matrices (SAMs) - an extension of input-output accounts, and 

resulting SAM multipliers. Version 2 of the new IMPLAN software became available in 

May of 1999.  For more information about Minnesota IMPLAN Group, Inc., please contact 

Scott Lindall or Doug Olson by phone at 651-439-4421 or by email at info@implan.com or 

review their website at www.implan.com. 
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Appendix B 
 

Alternate Estimate of Residential and Commercial Water Use 
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Municipal Water Demand in TROA Economic Model Area 
 

 Table 19 gives an alternative estimate of water use in the TROA economic model 

region. The California Department of Water Resources has estimated gallons per capita per 

day municipal and industrial (M&I) water usage for each public utility that submits data to 

the agency.  California water use estimates in Table 19 represent estimates from the public 

utilities in the specified area for 2002 or 2003. These estimates are applied to the 2002 ESRI 

population estimates used elsewhere in the TROA economic model. The Nevada Division of 

Water Resources projected 2005 gallons per capita per day M&I water usage by county. 

These projections were also applied to the 2002 ESRI population estimates for the TROA 

economic model region. This estimation method implies a 2.3 percent larger total M&I 

water use of 138,823 acre-feet. 

 Nevada projections for average gallons per worker per day (figures assume 365 days 

per year) were estimated and ranged between 93 gallons per worker per day in Storey 

County to 1,156 gallons per worker per day in Lyon County. California estimates of gallons 

per worker per day could not be located. 

Table 19. Gallons Per Capita per Day Estimate of TROA Model Area Water Use 

Sources: California Department of Water Resources, URBAN WATER PRODUCTION, POPULATION SERVED 
and PER CAPITA APPLIED WATER spreadsheets, Nevada State Water Plan, 1999, , “Nevada M&I, 
Domestic, commercial and Industrial Water Use Forecasts” Nevada Division of Water Planning, ESRI 
population forecasts, UCED calculations. 

County Area 2002       
Population 

Estimated Water 
Use (GPCD) 

Total Annual Use 
(Acre-feet) 

CA         
Sierra East Sierra 2,487 372 1,036 

Nevada Donner 15,015 314 5,281 

Placer Lake Tahoe 13,649 183 2,797 

El Dorado South Lake Tahoe 35,070 233 9,153 

NV         
Washoe Washoe (minus 

Gerlach) 
360,720 269 108,853 

Storey Clark 927 143 148 

Douglas Zephyr Cove 6,961 306 2,385 

Lyon Fernley 10,440 211 2,462 

Churchill Churchill 24,500 244 6,707 

TROA Model Area Total 469,769   138,823 
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Data was also gathered from major municipal water utilities on total water use and is 

displayed in Table 20. Smaller water companies do not necessarily report water use to state 

agencies. Data typically did not include any estimate of the amount of water used by 

residential versus commercial water users. In addition, water use data on the portion of the 

population that is not served by public utilities is not readily available. In 1990, the Nevada 

Division of Water Resources estimated the percentage of the population in each county that 

were on public water supply systems. These estimates are given in Table 21 

Table 20. Reported Water Use by Utility 

 
Sources: Nevada Division of Water Resources, 2002-03 Incline Village General Improvement District Water 

Management Plan, South Lake Tahoe Public Utility District, California Department of Water 
Resources, TMWA 2005-2025 Water Resource Plan 

 
Table 21. Percentage of Population on Public Supply Systems 

 
Source: Nevada State Water Plan, 1999, Nevada Division of Water Planning. 

 
 
 
 

Utility Year Water Use (acre-
feet, all uses) 

Fernley Utilities 2002 3,197 
Round Hill General Improvement District 2002 288 
Kingsbury G.I.D. 2002 1,490 
Incline Village General Improvement District 2002/03 3,246 
South Lake Tahoe Public Utility 2001 8,079 
Truckee-Donner PUD 2003 5,200 
North Tahoe PUD 2002 1,490 
Tahoe City PUD 2002 1,587 
City of Loyalton Municipal Water Dept. 2002 416 
TMWA Projections 2002 86,060 
Dept. of the Navy 2004 341 
Old River Water Company 2004 98 

County 1990 Estimated Percentage 

Churchill 49.1 

Douglas 77.1 

Lyon 64.4 

Storey 57.7 

Washoe 92.5 
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Appendix C 
 

Agricultural Water Use and Irrigated Acreage in  
TROA Economic Model Area 
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Varying Characteristics of Concepts Relating to Agricultural Water Use Data 
 
 For the TROA economic model, control totals for agricultural water use attempt to 

estimate the amount of water used for agricultural production in the TROA area. Actual 

agricultural water use data was not available for the entire area included in the model. 

Partial data was available on decreed water rights for the area, and on actual diversions for 

irrigation. Some of the differences in these data concepts are listed in Table 22. 
 
Table 22. Differences in Water Data Characteristics 

 
 
 Table 23 reports total known diversions from the Truckee River system to irrigation 

in the Sierra Valley in California and in the Truckee Meadows on to Pyramid Lake in 

Nevada as well as Newlands Project diversions (both Truckee and Carson Division 

diversions are included). Although irrigation water rights and diversions exist both on 

Webber Creek and its tributaries in Sierra County and for Truckee River tributaries in the 

Truckee Meadows, no consistent data on actual diversion amounts could be located. The 

Watermaster’s office in Reno suggested the 1995 TROA estimate could be used for Truckee 

River tributaries. Estimated actual known diversions for irrigation in 2002 totaled 

approximately 348,000 acre-feet. Some portion of the diverted water will evaporate before  

Decreed Water Rights for      
Agricultural Use 
(Stantec Report, TMWA 2005-
2025 Water Planning Report, 
Water Rights Decrees) 

Actual Diversions for            
Irrigation 
(Federal Water Master Data, 
Bureau of Reclamation Data) 

Amount of Water Consumed 
for Production of Agricultural 
Goods 
(Estimates Needed for TROA 
Economic Model) 

Does not equate to actual water 
consumption or actual diversion 
of water. 

Diversion amounts may include 
residential and other non-
agricultural irrigation. 

Will be actual diversions minus 
residential and non-agricultural 
irrigation and system losses in-
curred serving non-agricultural 
irrigation plus system returns. 

Does not change from year to 
year other than by conversion of 
water rights. 

Different from year to year ac-
cording to water availability and 
timing in interaction with water 
rights. 

May depend on availability of 
water in a particular year. 

Does not include system losses or 
returns. 

Includes system losses as well as 
overflows in flood years. System 
losses may be a large proportion 
of total water diverted. 

Should include system losses 
incurred while serving agricul-
tural irrigation rights. Should also 
exclude returns to system. 

May have characteristics that 
make rights unavailable for con-
version to M and I uses. 
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it is used for crops or will return to surface or ground water supplies. For the Newlands 

project, 192,311 acre-feet was actually delivered to water-users and 21,037 acre-feet was 

delivered to wetlands. 2002 was a year with average snow-pack. 

 
Table 23. Estimates of Irrigation Water Supply, 2002 (actual diversions) 

 
*Reno Federal Watermaster suggested estimate, no current data available. 
Source: Reno Federal Watermaster, Sierra Valley Watermaster, Bureau of Reclamation 
 

Table 24. Estimates of Irrigated Acreage, 2002 (land area connected by decree to above 
water diversions) 

 
Source: Reno Federal Watermaster, Sierra Valley Watermaster, Bureau of Reclamation estimate 
* An estimated 3,000 acres of this total is owned by duck hunting clubs. Both Truckee and Carson Division are 
included. 
 A time series of divertible irrigation flows and the associated irrigated acreage for 

the Truckee Meadows area is given below in Figure 3. These amounts represent actual 

diversions and acreage tied to the diversions by water rights decree for the Truckee River 

from the state line through to Pyramid Lake, not including Newlands Project diversions. 

Amount of water diverted may decrease and increase according to water availability and 

water rights priorities as well as by conversion of water rights. The series is also influenced 

by record-keeping issues. In 2004, approximately 7,000 acres were being served by 43,000 

acre-feet of water. Some of this water is diverted for non-agricultural purposes such as 

irrigation of golf courses. 

  CA NV Total 
   Acre-feet  Acre-feet Acre-feet 
Sierra Valley Diversion, 2002 8,996   8,996 
Webber Creek and Tributaries Unknown   - 
All Truckee Meadows Truckee River Sources, except-
ing creek diversions and Sierra Valley, 2002 

  52,185 52,185 

Creek Diversion supply from 1995 TROA document*   19,744 19,744 
Newlands Project   275,717 275,717 
Total 8,996 347,646 356,642 

  CA NV Total 
  Acres Acres Acres 
Sierra Valley Acreage 9,726   9,726 
All Truckee River Acreage excepting creek diversions, 
2002 

  8,310 8,310 

Acreage on creek diversions, 2002   Unknown - 
Newlands Project (approximate)   58,254*   
Totals, 2002 9,726 66,564 76,290 



 

PAGE 64 

Figure 3.  Reno Federal Watermaster Divertable Irrigation Flows and Associated 
Irrigated Acreage, Truckee Meadows to Pyramid Lake 

 
   Source: Reno Federal Watermaster, UCED Chart 
 
 A report prepared for the Washoe County Regional Water Planning Commission 

analyzed decreed water rights along the Truckee River through the Truckee Meadows. 

Decreed water rights are not equivalent to water actually diverted. The report found 

approximately 53,000 acre-feet of active agricultural water rights. For a variety of reasons, 

many of these rights cannot readily be converted to municipal and industrial use in the 

Truckee Meadows TMWA service area, the largest municipal water user in the TROA 

economic model.  The 2001 report estimated that a maximum of about 26,000 acre-feet of 

active agricultural water rights could be converted even if about 14,000 acre-feet along 

tributaries are included. Whether a particular water right will be served in a given year 

would depend on priority and water availability. 

Federal Watermaster Divertable Flows and Irrigated Acreage
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 Table 25. Decreed Truckee River Water Rights 

 
Source: Stantec Consulting, Inc. 2001, UCED calculations. 

Area Active Ag Active Residential   
Irrigation 

Non-ag 
irrigation 

Total  
Irrigation 

  acre-feet   
Stateline to TM 1,472 202 20 1,694 

Truckee Meadows 5,552 867 4,256 10,675 
Southwest Truckee Meadows 1,624 830 1,348 3,802 
Spanish Springs Valley 1,766 0 138 1,904 
TM to Derby Dam 470 0 0 470 
Derby Dam to Pyramid 2,986 0 0 2,986 
Pyramid Lake Res 23,775     23,775 
Total 37,646 1,899 5,762 45,307 
  Tributaries       
Truckee Meadows 11,068 25 1,037 12,130 
Hunter Creek 0 0 0 0 
SW Ranchettes 1,009 50 148 1,208 
Spanish Springs Valley 0 0 0 0 
Pleasant Valley 3,284 380 977 4,640 
Total 15,361 454 2,162 17,977 
Grand Total 53,007 2,353 7,924 63,284 
Percent of Total 83.8% 3.7% 12.5% 100.0% 
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